ABSTR^CT.--Among birds, males investing highly in paternal care should be under particularly strong selection pressure to prevent extrapair paternity in their broods. Current literature implies that to obtain a high certainty of paternity, males should invest in paternity-assurance behaviors, and this makes them more likely to increase their investment in reproduction. The Purple Sandpiper (Calidris maritima) is a relatively long-lived arctic shorebird with a socially monogamous pair bond and strong mate and territory fidelity by both sexes. Paternal investment is high because males alone perform all of the brood care from hatching to fledging. We investigated the mating strategies of male and female Purple Sandpipers through genetic analysis and examined the possibility that this species exhibits paternity-assurance behaviors. We found no evidence that males exhibited behaviors such as frequent copulation or mate guarding during their mate's fertile period. Furthermore, high rates of copulation were not necessary for pairs to achieve complete fertility of the clutch. Multilocus DNA fingerprinting revealed little evidence for extrapair fertilizations: only 1 of 82 offspring was sired by an extrapair male. These results suggest that male and female Purple Sandpipers rarely seek extrapair copulations (EPCs). In contrast to several recent studies with similar findings, we believe that the apparent rarity of EPCs results because females have few genetic or other benefits to gain from seeking them. Thus, paternity-assurance behaviors by male Purple Sandpipers were not necessary for achieving full paternity of the clutch, and such behaviors cannot be said to have led to the observed high level of paternal investment in reproduction. Uniparental brood care, however, is associated with a high certainty of paternity in this species. Received 3 June 1997, accepted 13 November 1997. Our goals in this study were to: (1) investigate the possibility that Purple Sandpipers ( Calidris maritima) exhibit paternity-assurance behaviors; and (2) examine parentage, the resuit of male and female mating strategies, through genetic analysis (minisatellite DNA fingerprinting). The Purple Sandpiper is a relatively long-lived shorebird (commonly >7 years) in which males and females form socially monogamous pair bonds and show strong annual fidelity to nesting territories and mates (Pierce unpubt. data). Males exhibit typical sex roles in that they defend large territories on the 602 
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Males of avian species with sex-role reversed parental care should, therefore, be under especially strong selection pressure to prevent their mates from copulating with other males, i.e. males that care for extrapair young should be selected against (Oring 1982 (Oring , 1986 Oring et al. 1994 ). In most social systems, females have the opportunity to mate with several males (Oring et al. 1994) , and male behaviors that increase the likelihood of paternity, such as mate guarding, should be favored by natural selec- (Mock and Fujioka 1990) . Based on the above theories, the large investment in parental care by male Purple Sandpipers should be correlated with a high certainty of paternity that must be achieved through some kind of paternity-assurance behavior. However, such predictions also should take into account species-specific ecological factors, which are considered below.
In the Purple Sandpiper, ground and flight chases involving two to four birds are common early in the season (Pierce 1997), which could be interpreted as mate guarding. Because of this and the high level of paternal investment, we expected to find that males exhibit strong mate-guarding behavior that intensified during the female's fertile period. Birkhead and Moller (1992) specifically predicted that mateguarding behavior serves to prevent or reduce the occurrence of extrapair copulations (EPCs). If male Purple Sandpipers exhibit mate-guarding behavior, we would expect that during the females fertile period, the male would: (1) spend a large proportion of time in close enough proximity to the female to be able to disrupt any possible EPC attempt; and (2) initiate moves less frequently than the female, and follow her initiated moves more often than vice
versa (Birkhead and Moller 1992).
The level of paternity gained by male Purple Sandpipers can be predicted to be either low or high, depending on the factors examined. Opportunities for EPCs are proposed to be greater in species that are migratory and territorial (Westneat et al. 1990 ), like the Purple Sandpiper (Pierce 1997). Thus, we would predict a low level of paternity in this species. Furthermore, males have been observed to be mostly absent from the nest during the first few days of incubation and thus have the opportunity to seek EPCs while the female incubates (Pierce 1997 With an average egg-laying interval of 32 h, Purple Sandpipers require about five days to complete their four-egg clutch (Pierce 1993). One pair, whose clutch was found and clutch completion date estimated, was also seen copulating about four days before the first egg was laid. The fertile period was thus defined as a 9-day period starting five days before the egglaying period and ending the day the penultimate egg was laid. The calculation of a breeding-synchrony index (Kempenaers 1993 being released in the field with the attending parent. All blood samples were immediately dispensed into a lysis buffer No bird deserted a nest, nor did any individual suffer mortality or apparent injury as a result of capture or blood sampling (see Colwell et al. 1988 ). In an attempt to avoid nest predation in 1994, most clutches were replaced upon discovery with dummy eggs, and the original eggs were stored in an incubator until hatching. Because the dummy eggs were inadequate replacements, some birds in 1994 deserted their nests three to seven days after clutch replacement. Subsequently, some eggs (n = 5, in three clutches) were transferred to a freezer two to seven days before hatching. From each frozen egg (offspring), tissue samples were extracted and pulverized in liquid nitrogen, after which they were treated according to the protocol for blood samples (see below).
In conducting DNA fingerprinting analyses, we followed standardized lab procedures described in previous papers from our lab (e.g. Krokene et al. 1996 , Bjornstad and Lifjeld 1997). In brief, DNA was cut by the HinfI enzyme and electrophoresed on 40-cm long gels of 0.8% agarose with TBE buffer. DNA of the young was loaded in the center lanes and those of the putative parents on either sides. DNA was transferred by Southern blotting onto Hybond Nfp nylon membranes (Amersham), which were hybridized with the multilocus minisatellite probe per (Shin et al. 1985) according to the manufacturer's protocol. The probe was radioactively labeled with P32dCTP (Amersham) by random priming using the Prime-aGene labeling system (Promega). Autoradiographs were made by exposing the membranes to Kodak BioMax MS-1 film with one intensifying screen at -80øC for one to three days.
To determine parentage, we scored autoradiographs independently using procedures outlined by Krokene et al. (1996) Of site changes by one pair member that were followed by the other pair member, the proportion initiated by females did not change significantly from the prefertile period to the fertile period, but was highly variable (prefer- Rather, many pair movements seemed coordinated and cooperative, as three independent observers noted. When a pair foraged on its territory, the female often followed the male's search patterns and sometimes could overtake his foraging area, while the male moved on. If the pair flew, it often took place by the male first lifting both wings, the female taking flight, and the male following. Copulation frequency of Purple Sandpipers was quite low. We observed copulations or copulation attempts five times during a total of 145 observation days, and four times during previous years (1986 to 1988; Pierce 1993). Copulation behaviors mainly took place on the territory (n = 7), but some observed attempts occurred on the foraging grounds (n = 2). Copulations occurred mostly in the afternoon (eight of nine), and a successful one observed in its entirety lasted 25 s. We never observed an attempt to force or interrupt a copulation.
DNAfingerprinting.--Samples, collected during two summers, comprised a total of 82 offspring and 54 adults in 27 families. Between the study years 1994 (n = 12) and 1995 (n = 15), sampled families did not differ significantly in clutch size (U = 66.0, P = 0.24) or clutch completion dates (U = 78.5, P = 0.57), so the data were pooled. The mean clutch completion date was 20 June (+--8.8 days, range 3 June to 9 July, n = 27). On average, sampled clutches com- files that did Rot contain any novel fragments (Fig. 2) . Because 100% of the bands in their profiles were shared with those of the putative parents, it is extremely likely that these young were the offspring of the pair associated with the nest. Of the remaining offspring profiles, 14 of 16 had only one novel fragment not present in either parent's profile, one contained two novel fragments, and a single offspring's profile contained 16 novel fragments (Fig. 2) 
DISCUSSION
The Purple Sandpiper is a relatively longlived shorebird with a socially monogamous, territorial mating system, long-term pair bonds, and a high level of paternal investment. Our results suggest that Purple Sandpipers do not exhibit paternity-assurance behaviors during the female's fertile period, and they rarely engage in mixed reproductive strategies. We found little or no evidence for mate-guarding behaviors by either males or females, and copulation rates were low. In our genetic analyses, we found that only 1 of 82 offspring resulted from an extrapair fertilization. Thus, Purple Sandpipers in Svalbard must be characterized as genetically as well as socially monogamous.
Mate guarding.--Maller (1991) classified many shorebird species (22 of 29 listed), including the Purple Sandpiper, as exhibiting mate-guarding behaviors. To date, however, few studies detailing this behavior in shorebirds have been published (Oring et al. 1994 ). Our results show that between the female's prefertile and fertile periods, there were no differences in the proportion of time that pairs spent in close proximity to each other, in the proportion of site changes initiated by females, and in whether males followed their mates or vice versa. In fact, males initiated significantly more site changes than females, which contrasts with mate-guarding theory. During the fertile period, the behaviors and movements of pairs foraging together often appeared to be cooperative and coordinated.
Several observations indicated that, even during the female's fertile period, pairs spent time foraging in completely separate areas, precluding the possibility of the maids preventing any EPC attempt on his mate. Males generally seemed to spend more time on the territory, whereas females foraged at length on the territory but also flew off to other tundra and coastal foraging sites (sometimes unaccompanied by the male). This is understand- Paternity.--Birkhead and Mailer (1992) proposed that among species that do not mateguard, the frequency of EPCs should be high relative to species that guard their mates. In spite of the lack of close mate guarding during the female's fertile period, male Purple Sandpipers obtained complete paternity in their clutches--we found only one extrapair fertilization, i.e. 1.2% of all offspring sampled. This strongly indicates that it was not necessary for males to "guard" their mates closely in order to obtain a high certainty of paternity, even though the risk of EPC was not completely absent (see also Chek et ai.1996), and that males invested heavily in offspring by assuming all brood care from hatching for three weeks or longer Clearly, the investment by males in mate guarding was not a prerequisite for their high level of parental investment, as conjectured by Mailer (1991) and Birkhead and Maller (1992); i.e. males were not less "predisposed" to parental care because they did not perform, or were constrained from, mate guarding. Moreover, a male's large investment in parental care was paralleled by a high certainty of paternity. This agrees with findings in other long-lived, monogamous species with low reproductive rates and extensive biparental care (see below). Our results are consistent with the findings that a low frequency of EPP is associated with a low divorce rate (Cezilly and Nager 1995), which in tum is associated with high survival or return rates (Pierce unpubl. data).
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